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(54) Image quality improvement for liquid crystal displays 



(57) A liquid crystal display (LCD) system e.g. a mi- 
nidisplay or microdisplay system of less then 1 .3 inches 
diagonal measurement, comprising a matrix of pixels, 
analyses a video data stream for greyscale level jumps 
from extreme black to moderate grey levels. Transitions 
in greyscale levels are restricted between adjacent pix- 
els so as to reduce image degradation, i.e. disclination, 



due to fringe field effects. A memory (308), such as a 
shift register, may be used to store a previous row of 
video data or one or more adjacent pixel video data val- 
ues before and/or after modification. Greyscale levels 
to be written to adjacent pixels are compared by a video 
data comparator/modifier (310) and if a difference be- 
tween these greyscale levels exceed a certain value 
then at least one of the greyscale levels is modified. 
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Description 

[0001] The present invention relates generally to liq- 
uid crystal display (LCD) devices, and more particularly 
to a system, apparatus and method for improving image s 
quality by limiting the difference between gray scale val- 
ues of adjacent pixels. 

[0002] Liquid crystal displays (LCDs) are commonly 
used in devices such as portable televisions, portable 
computers, control displays, and cellular phones to dis- 
play information to a user. LCDs act in effect as a light 
valve, i.e., they allow transmission of light in one state, 
block the transmission of light in a second state, and 
some include several intermediate stages for partial 
transmission. When used as a high resolution informa- 
tion display, as in one application of the present inven- 
tion, LCDs are typically arranged in a matrix configura- 
tion with independently controlled display areas called 
"pixels" (the smallest segment of the display). Each in- 
dividual pixel is adapted to selectively transmit or block 
light from a backlight (transmission mode), from a re- 
flector (reflective mode), or from a combination of the 
two (transflective mode). 

[0003] A LCD pixel can control the transference for 
different wavelengths of light. For example, an LCD can 
have pixels that control the amount of transmission of 
red, green, and blue light independently. In some LCDs, 
voltages are applied to different portions of a pixel to 
control light passing through several portions of dyed 
glass. In other LCDs, different colors are projected onto 
the area of the pixel sequentially in time. If the voltage 
is also changed sequentially in time, different intensities 
of different colors of light result. By quickly changing the 
wavelength of light to which the pixel is exposed an ob- 
server will see the combination of colors rather than se- 
quential discrete colors. Several monochrome LCDs 
can also result in a color display. For example, a mon- 
ochrome red LCD can project its image onto a screen. 
If a monochrome green and monochrome blue LCD are 
projected in alignment with the red, the combination will 
be a full range of colors. 

[0004] The monochrome resolution of an LCD can be 
defined by the number of different levels of light trans- 
mission or reflection that each pixel can perform in re- 
sponse to a control signal. A second level is different 
from a first level when a user can tell the visual differ- 
ence between the two. An LCD with greater mono- 
chrome resolution will look clearer to the user. 
[0005] LCDs are actuated pixel-by-pixel, either one at 
a time or a plurality simultaneously. A voltage is applied 
to each pixel area by charging a capacitor formed in the 
pixel area. The liquid crystal responds to the charged 
voltage of the pixel capacitance by twisting and thereby 
transmitting a corresponding amount of light. In some 
LCDs an increase in the actuation voltage decreases 
transmission, while in others it increases transmission. 
When multiple colors are involved for each pixel, multi- 
ple voltages are applied to the pixel at different positions 



(different capacitance areas being charged of a pixel) 
or times depending upon the LCD illumination method. 
Each voltage controls the transmission of a particular 
color. For example, one pixel can be actuated for only 
blue light to be transmitted while another for green light, 
and a third for red light. A greater number of different 
light levels available for each color results in a much 
greater number of possible color combinations. Colors 
may be combined from a red pixel, a green pixel and a 
blue pixel, each residing on a different LCD, to produce 
any desired combined pixel color. The three LCDs (red- 
green-blue or RGB) are optically aligned so that the re- 
sulting light from each of the corresponding RGB pixels 
produces one sharp color pixel for each of the pixels in 
the LCD pixel matrix. The LCD pixel matrix is adapted 
for displaying one frame of video per light strobe. Each 
light strobe (RGB) produces one video frame. A se- 
quence of video frames produces video images that 
may change over time (e.g., motion video). 
[0006] Converting a complex digital signal that repre- 
sents an image or video into voltages to be applied to 
charge the capacitance of each pixel of an LCD involves 
circuitry that can limit the monochrome resolution. The 
signals necessary to drive a single color of an LCD are 
both digital and analog. It is digital in that each pixel re- 
quires a separate selection signal, but it is analog in that 
an actual voltage is applied to charge the capacitance 
of the pixel in order to determine light transmission 
thereof. 

[0007] Each pixel in the array of the LCD is addressed 
by both a column (vertical) driver and a row (horizontal) 
driver. The column driver turns on an analog switch that 
connects an analog voltage representative of the video 
input (control voltage necessary for the desired liquid 
crystal twist) to the column, and the row driver turns on 
a second analog switch that connects the column to the 
desired pixel. 

[0008] The video inputs to the LCD are analog signals 
centered around a center reference voltage of typically 
from about 6.5 to 8.0 volts. A voltage equal or close to 
this center reference voltage is called "VCOM" and is 
supplied to the LCD Cover glass electrode which is a 
transparent conductive coating on the inside face (liquid 
crystal side) of the cover glass. This transparent con- 
ductive coating is typically Indium Tin Oxide (ITO). 
[0009] One frame of video pixels are run at voltages 
above the center reference voltage (positive inversion) 
and for the next frame the video pixels are run at volt- 
ages below the center reference voltage (negative in- 
version). Alternating between positive and negative in- 
versions results in substantially a zero net DC bias at 
each pixel. This substantially reduces the "image stick- 
ing" phenomena. 

[0010] LCD technology has reduced the size of dis- 
plays from full screen sizes to minidisplays less than 1 .3 
inches diagonal measurement, to microdisplays that re- 
quire a magnification system. Microdisplays may be 
manufactured using semiconductor integrated circuit 
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(IC) dynamic random access memory (DRAM) process 
technologies. The microdisplays consist of a silicon sub- 
strate backplane, a cover glass and an intervening liquid 
crystal layer. The microdisplays are arranged as a ma- 
trix of pixels arranged in a plurality of rows and columns, 
wherein an intersection of a row and a column defines 
a position of a pixel in the matrix. To incident light, each 
pixel is a liquid crystal cell above a reflecting mirror. By 
changing the liquid crystal state, the incident light can 
be made to change its polarization. The silicon back- 
plane is an array of pixels, typically 10 to 20 microns in 
pitch. Each pixel has a mirrored surface that occupies 
most of the pixel area. The mirrored surface is also an 
electrical conductor that forms a pixel capacitor with the 
ITO layer as the other plate of the pixel capacitor (com- 
mon to all pixel capacitors in the matrix of pixels. As each 
pixel capacitor is charged to a certain pixel value, the 
liquid crystals between the plates of the pixel capacitors 
"twist" or "untwist" which affects the polarization of the 
light incident to the pixels (reflections from the pixel mir- 
rors). 

[0011] Microdisplays may have an analog video sig- 
nal input ("analog display") or a digital video signal input 
(digital display). Analog displays, generally, are ad- 
dressed in a raster mode, while the pixels in a digital 
display may be addressed like a DRAM, in a random 
order. Random access allows updating only pixels re- 
quiring updating, thus saving on processing time and as- 
sociated power consumption. 

[0012] A problem exists in small LCDs, especially 
microdisplays, which have small pixel cell areas com- 
pared to the area of the gaps between the pixel cells. 
Fringe fields between the pixels are therefore significant 
in magnitude and the area affected by fringe fields is 
significant with respect to the overall pixel area. This 
leads to image degradation of increasing severity for 
small LCDs and high driving voltages. Limiting the driv- 
ing voltages helps, but reduces the available contrast of 
the LCD. 

SUMMARY OF THE INVENTION 

[0013] The present invention overcomes the above- 
identified problems as well as other shortcomings and 
deficiencies of existing technologies by providing a sys- 
tem, method and apparatus for improving image quality 
of a liquid crystal display (LCD) by modifying the video 
source values written to the pixels in order to smooth 
the magnitude of voltage transitions from one adjacent 
pixel to another. If the voltage transitions between adja- 
cent pixels is too large in magnitude, the large voltage 
transition can generate a strong fringe field effect be- 
tween the adjacent pixels. 

[0014] A liquid crystal on silicon (LCoS) microdisplay 
is adapted to receive video information from a digital vid- 
eo data source. The LCoS microdisplay may operate, 
e.g., in a normally white twisted nematic LC mode. A 
rubbing direction may be selected so that disclinations 



appear preferably at vertical pixel borders (between col- 
umns), e.g., a 60 degree twist self-compensated reflec- 
tive twisted nematic mode. If a source image with black 
areas surrounded by light gray areas is displayed, a 
5 white line may be observed within a gray area that bor- 
ders the black area on one side thereof, while on the 
other side of the black area a white spot may be ob- 
served therein. If the source video image for the pixels 
at the border of the gray/black areas are modified, e.g., 
10 a normally black pixel written more toward gray (lighter 
than black but darker than the normal gray), or a gray 
pixel written more toward black (darker), then the result- 
ing LCD video image has significantly less image dis- 
tortion due to fringe effect fields. Such a slight reduction 
is in the blackness of a pixel or reduction of lightness of a 
pixel next to a black pixel has a strong effect in the ap- 
plied voltage since the electro-optical response of the 
liquid crystal has a small gradient close to the saturation 
voltage for a black pixel. 
20 [001 5] For exemplary purposes in describing the em- 
bodiments disclosed herein, a pixel voltage value (the 
voltage value charge on the pixel capacitor) represent- 
ing black may be referred to as black or level A (00 h 
input to an 8-bit DAC), and a pixel voltage value repre- 
ss senting white may be referred to as white or level D (FF h 
input to the 8 bit DAC). Gray levels may be referred to 
as gray or level C (greater than black - 00 h and less than 
white - FF h to the 8 bit DAC). 

[001 6] In an exemplary embodiment of the invention, 

30 the video source data is fed into a shift register. A com- 
parator analyzes the pixel values in the shift register and 
restricts all pixels values less than B that are adjacent 
to pixel values having at least a gray level C to substan- 
tially black video values of level B (00 h < B < C). Alter- 

35 natively, the pixels values less than level B may be re- 
duced by a factor k (increases the gray level), if the pixel 
to be written to borders a gray level pixel having a gray 
level between C and D, where k, B and C are parameters 
that may be selected for the most pleasing images. For 

40 a sequential color LCD system, only one shift register 
need be used. For a three color (red-green-blue) LCD 
system, three shift registers may be used, one for each 
color portion of the RGB LCDs. 
[0017] In another exemplary embodiment of the in- 

45 vention, the video source pixel data that was written to 
a previous row is stored in a video memory so that a 
comparison of previous row pixel value data can be 
made and the present row video source pixel data mod- 
ified as describe herein. Thus both adjacent column and 

so row pixels may be compared so that any adjacent pixel 
will not be written to a voltage level producing a fringe 
field great enough to cause image degradation (discli- 
nation). 

[0018] In another exemplary embodiment of the in- 
55 vention, the magnitude change in adjacent pixel voltage 
values will be reduced by averaging the required mag- 
nitude change over a sufficient number of pixels so that 
no adjacent pixels will have a voltage value change larg- 
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er than a desired magnitude. This may be accomplished 
by dividing the input video data voltage value magnitude 
change between adjacent pixels by the desired voltage 
value magnitude change to determine the "number of 
pixels" over which the total video data voltage value 
magnitude change can be obtained without exceeding 
the desired voltage value magnitude change between 
any two adjacent pixels. This results in a more gradual 
change in voltage values, e.g., "stair stepping" adjacent 
pixel voltage value changes over the number of adjacent 
pixels until reaching the total video data voltage value 
magnitude change. 

[0019] Adjacent pixels on the same row may be as 
described herein as well as adjacent pixels on adjacent 
rows. It is contemplated and within the scope of the 
present invention that a video memory may be utilized 
to store voltage values written to pixels on previous rows 
and/or columns so that no adjacent pixel has a voltage 
value difference great enough to cause field fringe ef- 
fects. 

[0020] The present invention is directed to a system 
for improving image quality of a liquid crystal display 
(LCD), said system comprising: a matrix of pixels ar- 
ranged in a plurality of columns and a plurality of rows, 
wherein an intersection of a row and a column defines 
a location of a pixel in said matrix; at least one digital- 
to-analog converter (DAC) having a digital input and an 
analog output; a plurality of column switches adapted 
for coupling the analog output of said at least one DAC 
to each of said plurality of columns; a plurality of row 
switches adapted for selectively coupling each of said 
plurality of rows to said plurality of columns; column con- 
trol logic for controlling said plurality of column switches; 
row control logic for controlling said plurality of row 
switches; a video frame to gray scale conversion and 
pixel address logic for converting video information into 
LCD gray scale values and corresponding pixel address 
locations thereof; and video data comparator/modifier 
logic, said video data comparator/modifier logic adapted 
to receive the LCD gray scale values for each pixel of 
the matrix of pixels, wherein gray scale values of adja- 
cent pixels are compared and if a difference in magni- 
tudes between the gray scale values of adjacent pixels 
is greater than a desired value, then at least one of the 
gray scale values is modified so that the difference in 
magnitudes therebetween is no greater than the desired 
value; said video data comparator/modifier logic is 
adapted for sending all unmodified gray scale values 
and any modified gray scale values to said at least one 
DAC; said video frame to gray scale conversion and pix- 
el address logic adapted for sending said pixel address 
locations to said column control logic and said row con- 
trol logic. 

[0021] The present invention is also directed to a 
method of operation for improving image quality of a liq- 
uid crystal display (LCD) comprising a matrix of pixels 
arranged in a plurality of rows and columns, wherein an 
intersection of a row and a column defines a position of 



a pixel in the matrix, said method comprising the steps 
of: determining if a gray scale value of a pixel is greater 
than a first reference value and writing the gray scale 
value to the pixel location, wherein if the gray scale value 

5 of the pixel is less than or equal to the first reference 
value, then writing a gray scale value of an adjacent pix- 
el to the adjacent pixel, and if the gray scale value of the 
pixel is greater than the first reference value, then de- 
termining if the gray scale value of the adjacent pixel is 

10 less than a second reference value, if so, then writing 
the second reference value to the adjacent pixel, and if 
not, then writing the gray scale value of the adjacent pix- 
el to the adjacent pixel. 

[0022] The present invention is also directed to a 

is method of operation for improving image quality of a liq- 
uid crystal display (LCD) comprising a matrix of pixels 
arranged in a plurality of rows and columns, wherein an 
intersection of a row and a column defines a position of 
a pixel in the matrix, said method comprising the steps 

20 of: determining if a gray scale value of a pixel is greater 
than a first reference value and writing the gray scale 
value to the pixel location, wherein if the gray scale value 
of the pixel is less than or equal to the first reference 
value, then writing a gray scale value of an adjacent pix- 

25 el to the adjacent pixel, and if the gray scale value of the 
pixel is greater than the first reference value, then de- 
termining if the gray scale value of the adjacent pixel is 
less than a second reference value, if so, then multiply- 
ing the gray scale value of the adjacent pixel by k and 

30 writing the product thereof to the adjacent pixel, and if 
not, then writing the gray scale value of the adjacent pix- 
el to the adjacent pixel. 

[0023] The present invention is also directed to a 
method of operation for improving image quality of a liq- 

35 uid crystal display (LCD) comprising a matrix of pixels 
arranged in a plurality of rows and columns, wherein an 
intersection of a row and a column defines a position of 
a pixel in the matrix, said method comprising the steps 
of: determining if a gray scale value of a pixel is greater 

40 than a first reference value and writing the gray scale 
value to the pixel location, wherein if the gray scale value 
of the pixel is less than or equal to the first reference 
value, then writing a gray scale value of an adjacent pix- 
el to the adjacent pixel, and if the gray scale value of the 

45 pixel is greater than the first reference value, then de- 
termining if the gray scale value of the adjacent pixel is 
less than a second reference value, if so, then dividing 
the difference between the gray scale values of the pixel 
and the adjacent pixel by I and storing the result as N 

so and changing the next N adjacent pixel gray scale val- 
ues by no more than I, and writing the changed next N 
gray scale values to the next N adjacent pixels, and if 
not, then writing the gray scale value of the adjacent pix- 
el to the adjacent pixel. 

55 [0024] A technical advantage of the present invention 
is improved image quality in microdisplays. Another 
technical advantage is in smoothing transitions between 
pixel voltages that generate strong fringe field effects. 
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Other technical advantages of the present disclosure 
will be readily apparent to one skilled in the art from the 
following figures, descriptions, and claims. Various em- 
bodiments of the invention obtain only a subset of the 
advantages set forth. No one advantage is critical to the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] A more complete understanding of the present 
disclosure and advantages thereof may be acquired by 
referring to the following description taken in conjunction 
with the accompanying drawings, wherein: 

Figure 1 is a schematic plan view of a portion of a 
liquid crystal display; 

Figure 2 is a schematic elevational view of a portion 
of the liquid crystal display of Figure 1 ; 
Figure 3 is a schematic block diagram of a liquid 
crystal display system; 

Figure 4 is a schematic diagram of a portion of the 
liquid crystal display of Figure 3; 
Figure 5 is a schematic block diagram of an exem- 
plary embodiment of the invention; 
Figure 6 is a graph of pixel voltage levels verses 
pixel locations illustrating operation of prior art liquid 
crystal display systems; 

Figure 7 is a graph of pixel voltage levels verses 
pixel locations illustrating operation of a liquid crys- 
tal display system according to an exemplary em- 
bodiment of the invention; 
Figure 8 is a graph of pixel voltage levels verses 
pixel locations illustrating a liquid crystal display 
system according to another exemplary embodi- 
ment of the invention; 

Figure 9 is a schematic flow diagram of an exem- 
plary embodiment of the invention; 
Figure 10 is a schematic flow diagram of another 
exemplary embodiment of the invention; 
Figure 11 is a schematic flow diagram of another 
exemplary embodiment of the invention; 
Figure 12 is a schematic flow diagram of another 
exemplary embodiment of the invention; 
Figure 1 3 is a schematic block diagram of another 
exemplary embodiment of the invention; and 
Figure 14 is a schematic block diagram of still an- 
other exemplary embodiment of the invention. 

[0026] While the present invention is susceptible to 
various modifications and alternative forms, specific ex- 
emplary embodiments thereof have been shown by way 
of example in the drawings and are herein described in 
detail. It should be understood, however, that the de- 
scription herein of specific embodiments is not intended 
to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifi- 
cations, equivalents, and alternatives falling within the 
spirit and scope of the invention as defined by the ap- 



pended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

5 

[0027] The present invention is directed to a liquid 
crystal display (LCD) comprising a matrix of liquid crys- 
tal pixels having light modifying properties controlled by 
voltage values stored in capacitors comprising the areas 
10 representing the pixels in the matrix of pixels of the LCD. 
A plurality of digital-to-analog converters (DACs) are 
coupled through analog switches to columns of the pixel 
matrix for voltage charging of the columns. Row analog 
switches connect each column to a desired respective 
15 pixel capacitor plate on a selected row, thereby trans- 
ferring the voltage values on the columns to the respec- 
tive pixel capacitors. The embodiments of the invention 
improve image quality of a liquid crystal display (LCD) 
by modifying the video voltage values written to the pixel 
20 capacitors in order to reduce the magnitude change of 
voltage transitions from one adjacent pixel area to an- 
other. If the voltage change transition between adjacent 
pixel areas is too large in magnitude, the voltage change 
transition can generate a strong fringe field effect be- 
25 tween the adjacent pixel areas call "disclinations." 
[0028] Referring now to the drawings, the details of 
preferred embodiments of the invention are schemati- 
cally illustrated. Like elements in the drawings will be 
represented by like numbers, and similar elements will 
30 be represented by like numbers with a different lower 
case letter suffix. 

[0029] Referring to Figure 1 , depicted is a schematic 
plan view of a portion of a liquid crystal display (LCD). 
The LCD is generally represented by the numeral 102 
35 and comprises a plurality of pixels 1 08 (Figure 3). Each 
pixel 1 08 has a respective pixel capacitor plate or "mir- 
ror" 84. The pixels 1 08 are arranged in a matrix array. 
In an exemplary embodiment of the invention, pixel mir- 
rors 84 are disposed on a silicon substrate 82. A pixel 
40 mirror 84 forms one plate of a pixel capacitor, the other 
pixel capacitor plate is formed by the transparent ITO 
layer. The substrate 82 may be a semiconductor inte- 
grated circuit die having transistors fabricated therein 
and some of these transistors may be connected to the 
45 pixel mirrors 84. Spaces 86 between the pixel mirrors 
84 are very small and a voltage potential difference of 
large enough magnitude between adjacent pixel mirrors 
84 may cause disclinations in the liquid crystal material. 
[0030] Referring now to Figure 2, depicted is a sche- 
50 matte elevational view of a portion of the liquid crystal 
display of Figure 1. The LCD 102 comprises the sub- 
strate 82 on which the pixel mirrors 84 are transposed 
on a surface thereof. Liquid crystal material 88 sur- 
rounds the pixel mirrors 84. A transparent cover 92, e. 
55 g., glass or plastic, has on one side thereof a transparent 
electrically conductive coating 90, e.g., Indium Tin Ox- 
ide (ITO), that forms the other capacitor plate for the pix- 
el mirrors 84. An outside face 94 of the cover 92 is the 
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viewed portion of the LCD 102. Typically, light 96 is 
flashed onto the outside face 94 of the LCD 102, and 
the liquid crystal material 88 modifies light 98 that is re- 
flected from the pixel mirrors 84. Each pixel mirror 84 in 
combination with the ITO layer 90 has a unique voltage 
charge therebetween which modifies the twist of the liq- 
uid crystal material 88 that is within that voltage charge. 
The amount of twist of the liquid crystal material 88 de- 
termines how much light 96 is returned as the reflected 
light 98 (light polarization filters, not illustrated, are also 
utilized in combination with the liquid crystal modified 
light polarization). A sharp and clear video frame will 
have smooth and distinct light polarization transitions 
between the pixel mirrors 84, however, when the voltage 
difference between adjacent pixel mirrors 84 is too 
large, disclinations may occur. The present invention 
overcomes these disclinations by limiting the magnitude 
of the voltage difference between the adjacent pixel mir- 
rors 84. 

[0031] Referring to Figure 3, depicted is a schematic 
block diagram of a liquid crystal display system. A high- 
level block diagram of a system for writing voltage val- 
ues to pixels of a liquid crystal display (LCD) system is 
generally represented by the numeral 100. The voltage 
values being written to the pixels are representative of 
a frame of video data. The voltage values control the 
"twist" of the liquid crystal material at each pixel area so 
that when a light is flashed on or through the LCD, the 
light polarization and ultimately the intensity of the light 
passing through a polarization filter is controlled by the 
"twist" of the liquid crystal material at each pixel area of 
the LCD. 

[0032] For illustrative and exemplary purposes, the 
LCD 1 00 depicted in Figure 3 comprises a pixel matrix 
1 02 of M rows 1 06 by N columns 1 04 for a total of M x 
N individually addressable pixels 108. The combination 
of row control logic 1 1 0 and column control logic 1 1 2 are 
used to select each of the pixels 108 for writing thereto 
in the LCD 1 00, as more fully described herein. Video 
to pixel translation logic and a look-up table (LUT) (here- 
inafter translation logic) 114 perform the necessary cal- 
culations and steps to translate a video frame image 1 1 6 
into discrete digital values, each digital value represent- 
ing a pixel video voltage value. The digital values are 
sent to digital-to-analog converters (DACs) 120, 121, 
122 and 123, and the pixel location addresses thereof 
are sent to the row and column control logic 1 1 0 and 1 1 2. 
[0033] It is contemplated and within the scope of the 
present invention that any number of DACs may be used 
according to exemplary embodiments of the present in- 
vention. The DACs 120, 121 , 122 and 123 have outputs 
comprising analog values, e.g., voltage or current, cor- 
responding to digital input words from the translation 
logic 114. 

[0034] Referring now to Figure 4, depicted is a sche- 
matic block diagram of a portion of the liquid crystal dis- 
play system 1 00 of Figure 3. A portion of the pixel matrix 
102 is represented for illustrative and exemplary pur- 



poses as pixels 108aa-108dd (4x4 matrix), pixel row 
switches 300 through 333 and pixel column switches 
290 through 293. An LCD operates by placing a desired 
voltage charge at each pixel 108aa-108dd of the LCD 
5 1 00. A voltage charge at a pixel 1 08 causes liquid crys- 
tals at that pixel area to change their "twist" orientation 
so that light passing through the LCD 100 or being re- 
flected is thereby affected. The translation logic 114 us- 
es the received video frame information 116 to create 
10 appropriate digital values that are sent to the DACs 
120-123 which are representative of that portion of the 
video frame at each one of the pixel locations. In addi- 
tion, the translation logic 114 associates an x-y coordi- 
nate (row-column) location for each of these pixel volt- 
's age values and sends same to the row control logic 1 1 0 
and column control logic 112. 

[0035] The DACs 1 20-1 23 receive digital representa- 
tions of video pixel values from the translation logic 114 
and convert these digital representations to analog val- 

20 ues, e.g., voltage or current, which must then be applied 
to each corresponding column 104. Each of the pixels 
1 08aa-1 08dd has a capacitance 1 78 associated there- 
with, and each of the columns 0, 1, 2 (not illustrated) 
and 3 has a capacitance 180, 181, 182 (not illustrated) 

25 and 1 83, respectively, associated therewith. The capac- 
itance 1 78 of each pixel may not all be the same, nor 
may the capacitance 180, 181, 182 and 183 of each col- 
umn be the same. However, a column capacitance, e. 
g., 180 is greater than a pixel capacitance, e.g., 178. 

30 The column capacitance is charged to a desired voltage 
value. The output of the DAC is connected to the column 
and thereby charges the column capacitance to a de- 
sired analog voltage, each pixel in a selected row is con- 
nected to a corresponding column. Therefore, the volt- 

35 age on the pixel will be substantially the same as the 
voltage on the corresponding column. 
[0036] For example, a column (s) is charged to a cer- 
tain voltage while a pixel row is selected so that the in- 
tersections) thereof is the desired pixel to be charged. 

40 For example, columns 0-3 are charged from the DACs 
120-123, respectively, when the column switches 
290-293 are closed. Trie capacitance 1 78 of each of the 
pixels 1 08aa-1 08dd are charged from the columns 0-3, 
respectively, when the row switches 300-303 are 

45 closed. A plurality of DACs may be used to simultane- 
ously charge the capacitance of a like number of col- 
umns, then a like number of switches in a row may be 
used to charge the capacitance of a like number of pixels 
from the respective charged columns. The column con- 
so trol logic 1 1 2 and row control logic 1 1 0 control operation 
of the column switches 290-293 and row switches 
300-333, respectively, for the group of pixels 108aa- 
1 08dd. Other pixel groups 1 08 are controlled in a similar 
fashion. 

55 [0037] Referring now to Figure 5, depicted is a sche- 
matic block diagram of an exemplary embodiment of the 
invention. The DACs 120-123 are adapted to receive 
digital amplitude information from a gray scale look up 
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table 304. The gray scale look up table 304 receives pix- 
el grayscale information from the video data compara- 
tor/modifier logic 31 0 which compares gray scale values 
of adjacent pixels and may modify one or both values 
so as to keep the voltage magnitude change between 5 
pixel voltage values to within a desired limit. The video 
data comparator/modifier logic 310 receives pixel gray 
scale values 31 2 from the video frame to LCD pixel gray 
scale conversion and pixel address logic 302. The video 
frame to LCD pixel gray scale conversion and pixel ad- 
dress logic 302 is adapted to convert video information 
1 1 6 into corresponding pixel information (grayscale and 
pixel address information). Pixel address information is 
sent to an LCD pixel address controller 306 which is 
adapted to control the row control logic 110 and column 
control logic 112 (Figure 3). A video memory 308 may 
be used to store the modified video data. In addition, the 
video memory 308 may also be used to store a previous 
row of video data for comparison with the present row 
of video data. The video memory may also be used to 
store one or more adjacent pixel video data values be- 
fore and/or after modification, etc. 
[0038] In describing the exemplary embodiments dis- 
closed herein, a pixel voltage value (the voltage value 
charge on the pixel capacitor) representing black may 
be referred to as black or level A (00 h input to an 8-bit 
DAC), and a pixel voltage value representing white may 
be referred to as white or level D (FF h input to the 8 bit 
DAC). Gray levels may be referred to as gray or level C 
(greater than black - 00 h and less than white - FF h to the 
8 bit DAC). DACs having more or less input bits are con- 
templated herein and are within the scope of the present 
invention. 

[0039] Referring to Figure 6, depicted is a graph of 
pixel voltage levels verses pixel locations illustrating op- 
eration of a prior art liquid crystal display system. A pixel 
at location 61 0 has a white voltage level FF h (level D) 
and an adjacent pixel at location 61 8 has a black voltage 
level 00 h (level A). This voltage magnitude difference 
between the pixels at locations 610 and 618 may be 
large enough to cause image degradation by fringe ef- 
fect fields between those two pixels. 
[0040] Referring to Figure 7, depicted is a graph of 
pixel voltage levels verses pixel locations illustrating op- 
eration of a liquid crystal display system, according to 
an exemplary embodiment of the invention. A pixel at 
location 610 has a white voltage level FF h (level D) and 
an adjacent pixel at location 71 6 has less than a black 
(gray) voltage level (level B). The very next pixel location 
718 has a black voltage level 00 h (level A). The voltage 
magnitude differences between the adjacent pixels at 
locations 610 and 716, and locations 716 and 718 are 
not large enough to cause image degradation by fringe 
effect fields. 

[0041] Referring back to Figure 5, the video data com- 
parator/modifier 310 may comprise a shift register and 
a comparator. The video source data 1 1 6 is fed from the 
video frame to LCD pixel gray scale conversion logic 



302 to the shift register in the video data comparator/ 
modifier 31 0. The comparator in the video data compa- 
rator/modifier 310 analyzes the pixel values in the shift 
register and restricts all pixels values less than B that 
are adjacent to pixel values having at least a gray level 
C to substantially black video values of level B (00 h < B 
< C). Alternatively, the pixels values less (darker) than 
level B may be reduced by a factor k (increases the gray 
level), if the pixel to be written to borders a gray level 
pixel having a gray level between C and D, where k, B 
and C are parameters that may be selected for the most 
pleasing images. For a sequential color LCD system, 
only one shift register need be used. For a three color 
(red-green-blue) LCD system, three shift registers may 
be used, one for each color portion of the RGB LCDs. 
[0042] In another exemplary embodiment of the in- 
vention, the video source pixel data that was written to 
a previous row is stored in a video memory in the video 
data comparator/modifier 31 0 so that a comparison of 
previous row pixel value data can be made and the 
present row video source pixel data modified as de- 
scribe herein. Thus both adjacent column and row pixels 
may be compared so that any adjacent pixel will not be 
written to a voltage level producing a fringe field great 
enough to cause image degradation. 
[0043] Referring to Figure 8, depicted is a graph of 
pixel voltage levels verses pixel locations illustrating a 
liquid crystal display system according to another exem- 
plary embodiment of the invention. The magnitude 
change in adjacent pixel voltage values will be reduced 
by averaging the required magnitude change over a suf- 
ficient number of pixels so that no adjacent pixels will 
have a voltage value change resulting in a voltage 
change between adjacent pixels that is larger than a de- 
sired magnitude. This may be accomplished by dividing 
the input video data voltage value magnitude change 
between adjacent pixels by the desired voltage value 
magnitude change. This determines the "number of pix- 
els" over which the total video data voltage value mag- 
nitude change can be obtained without exceeding the 
desired voltage value magnitude change between any 
two adjacent pixels. This results in a more gradual 
change in voltage values, e.g., "stair-step' adjacent pix- 
el voltage value changes over the number of adjacent 
pixels until reaching the total video data voltage value 
magnitude change. A stair-step voltage change is illus- 
trated at pixel locations 812, 814 and 818. 
[0044] Modification of voltage values for adjacent pix- 
els on the same row may be as described herein as well 
as adjacent pixels on adjacent rows. It is contemplated 
and within the scope of the present invention that a video 
memory may be utilized to store voltage values written 
to pixels on previous rows and/or columns so that no 
adjacent pixels have a voltage value difference great 
enough to cause field fringe effects. 
[0045] Referring to Figure 9, depicted is a schematic 
flow diagram of an exemplary embodiment of the inven- 
tion. The graph of Figure 7 illustrates the operation of 
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this exemplary embodiment. Video data values are re- 
ceived in step 902. A received video data value is 
checked in step 904 to determine if it is greater than a 
gray level C. If not, then that received video data value 
is written to its respective pixel in step 910. If greater 
than gray level C, then the next received video data val- 
ue is checked in step 906 to determine if it is less than 
a gray level B. If the next received video data value is 
greater than or equal to a gray level B, then the next 
received video data value is written to the next respec- 
tive pixel in step 912. If less than gray level B, then the 
next received video data value is set to gray level B and 
is written to the next respective pixel in step 91 2. The 
aforementioned steps are performed for each video da- 
ta value before being written to the respective pixels. 
[0046] Referring to Figure 1 0, depicted is a schematic 
flow diagram of another exemplary embodiment of the 
invention. Video data values are received in step 1002. 
A received video data value is checked in step 1 004 to 
determine if it is greater than a gray level C. If not, then 
that received video data value is written to its respective 
pixel in step 1 01 0. If greater than gray level C, then the 
next received video data value is checked in step 1 006 
to determine if it is less than a gray level B. If the next 
received video data value is greater than or equal to a 
gray level B, then the next received video data value is 
written to the next respective pixel in step 1012. If less 
than gray level B, then the next received video data val- 
ue is multiplied by a constant k and is written to the next 
respective pixel in step 1 01 2. The aforementioned steps 
are performed for each video data value before being 
written to the respective pixels. 
[0047] Referring to Figure 1 1 , depicted is a schematic 
flow diagram of another exemplary embodiment of the 
invention. The graph of Figure 8 illustrates the operation 
of this exemplary embodiment. Video data values are 
received in step 1 1 02. A received video data value is 
checked in step 1104 to determine if it is greater than a 
gray level C. If not, then that received video data value 
is written to its respective pixel in step 1110. If greater 
than gray level C, then the next received video data val- 
ue is checked in step 1 1 06 to determine if it is less than 
a gray level B. If the next received video data value is 
greater than or equal to a gray level B, then the next 
received video data value is written to the next respec- 
tive pixel in step 1 1 1 2. If less than gray level B, then the 
difference between the video data value and the next 
video data value is divided by I and the result is stored 
as N in step 1108. In step 1114, the next N video data 
values are changed by no more than I. In step 1112, the 
next N video data values are written to the next N re- 
spective pixels. The aforementioned steps are per- 
formed for each video data value before being written 
to the respective pixels. 

[0048] Referring to Figure 1 2, depicted is a schematic 
flow diagram of another exemplary embodiment of the 
invention. Video data values are received in step 1202. 
A received video data value is checked in step 1204 to 



determine if it is greater than a gray level C. If not, then 
a previous row next video data value is checked in step 
1216 to determine if it is greater than a gray level C. If 
not, then that received video data value is written to its 
s respective pixel in step 1 21 0. If video data value is great- 
er than gray level C, then the next received video data 
value is checked in step 1206 to determine if it is less 
than a gray level B. If the next received video data value 
is greater than or equal to a gray level B, then the next 
received video data value is written to the next respec- 
tive pixel in step 1212. If less than gray level B, then the 
next received video data value is set to gray level B and 
is written to the next respective pixel in step 1212. If the 
previous row next video data value is greater than gray 
level C, then the next received video data value is 
checked in step 1 206 to determine if it is less than a gray 
level B. If the next received video data value is greater 
than or equal to a gray level B, then the next received 
video data value is written to the next respective pixel 
in step 1 21 2. If less than gray level B, then the next re- 
ceived video data value is set to gray level B and is writ- 
ten to the next respective pixel in step 1212. The afore- 
mentioned steps are performed for each video data val- 
ue before being written to the respective pixels. 
[0049] Referring to Figure 1 3, depicted is a schematic 
block diagram of an exemplary embodiment of the in- 
vention. The schematic block diagram embodiment il- 
lustrated in Figure 13 is an exemplary implementation 
of the flow diagram of Figure 9. Other implementations 
are equally effective and would occur to those having 
ordinarily skills in the pertinent arts and having the ben- 
efit of this disclosure. Pixel gray scale values 312 may 
be received in a shift register 1300. A video data value 
may be stored in shift register storage element 1 302 and 
a next video data value may be stored in shift register 
storage element 1 304. A multiplexer 1306 is adapted to 
select the video data value, the next video data value or 
a data value at level B. Once a selection is made of the 
input of the multiplexer 1 306, the output of the multiplex- 
er 1306 drives a digital-to-analog converter (DAC) 1308 
which charges an appropriate column connected to the 
desired pixel to be charged. 

[0050] A multiplexer 1 320 selects either the video da- 
ta value stored in the storage element 1302 or the next 
video data value stored in the storage element 1 304. 
The output of the multiplexer 1320 is coupled to a first 
input of a comparator 1312. A multiplexer 1318 selects 
either a reference level C 1316 or a reference level B 
1314, and its output is coupled to a second input of the 
comparator 1312. The comparator 1312 compares the 
video data value to reference level C and the next video 
data value to reference level B. Depending on these 
comparisons, the level writing decision logic 1310 se- 
lects the appropriate video pixel data value for driving 
the DAC 1308. The selection from the decision logic 
1310 is in accordance with the flow diagram illustrated 
in Figure 9. 

[0051] Referring to Figure 14, depicted is aschematic 
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block diagram of still another exemplary embodiment of 
the invention. The schematic block diagram embodi- 
ment illustrated in Figure 14 is an exemplary implemen- 
tation of the flow diagram of Figure 1 0. Other implemen- 
tations are equally effective and would occur to those 
having ordinarily skill in the pertinent arts and having the 
benefit of this disclosure. Pixel gray scale values 312 
may be received in a shift register 1300. A video data 
value may be stored in shift register storage element 
1 302 and a next video data value may be stored in shift 
register storage element 1304. A multiplexer 1306 is 
adapted to select the video data value, the next video 
data value or the next video data value multiplied by k. 
Once a selection is made of the input of the multiplexer 
1 306, the output of the multiplexer 1 306 drives a digital- 
to-analog converter (DAC) 1308 which charges an ap- 
propriate column connected to the desired pixel to be 
charged. 

[0052] A multiplexer 1 320 selects either the video da- 
ta value stored in the storage element 1 302 or the next 
video data value stored in the storage element 1304. 
The output of the multiplexer 1320 is coupled to a first 
input of a comparator 1312. A multiplexer 1318 selects 
either a reference level C 1316 or a reference level B 
1314, and its output is coupled to a second input of the 
comparator 1312. The comparator 1312 compares the 
video data value to reference level C and the next video 
data value to reference level B. Depending on these 
comparisons, the level writing decision logic 1310 se- 
lects the appropriate video pixel data value for driving 
the DAC 1308. The selection from the decision logic 
1310 is in accordance with the flow diagram illustrated 
in Figure 10. 

[0053] It is contemplated and within the scope of the 
embodiments of the invention that the LCD and/or LCD 
system may be partially or entirely fabricated on a sem- 
iconductor integrated circuit or integrated circuits. 
[0054] The invention, therefore, is well adapted to car- 
ry out the objects and attain the ends and advantages 
mentioned, as well as others inherent therein. While the 
invention has been depicted, described, and is defined 
by reference to exemplary embodiments of the inven- 
tion, such references do not imply a limitation on the in- 
vention, and no such limitation is to be inferred. The in- 
vention is capable of considerable modification, alterna- 
tion, and equivalents in form and function, as will occur 
to those having ordinarily skills in the pertinent arts and 
having the benefit of this disclosure. The depicted and 
described embodiments of the invention are exemplary 
only, and are not exhaustive of the scope of the inven- 
tion. Consequently, the invention is intended to be lim- 
ited only by the spirit and scope of the appended claims, 
giving full cognizance to equivalents in all respects. 



Claims 

1. A system for improving image quality of a liquid 



crystal display (LCD), said system comprising: 

a matrix of pixels arranged in a plurality of col- 
umns and a plurality of rows, wherein an inter- 

5 section of a row and a column defines a location 

of a pixel in said matrix; 
at least one digital-to-analog converter (DAC) 
having a digital input and an analog output; 
a plurality of column switches adapted for cou- 

w pling the analog output of said at least one DAC 

to each of said plurality of columns; 
a plurality of row switches adapted for selec- 
tively coupling each of said plurality of rows to 
said plurality of columns; 

15 column control logic for controlling said plurality 

of column switches; 

row control logic for controlling said plurality of 
row switches; 

a video frame to gray scale conversion and pix- 
20 el address logic for converting video informa- 

tion into LCD gray scale values and corre- 
sponding pixel address locations thereof; and 
video data comparator/modifier logic, said vid- 
eo data comparator/modifier logic adapted to 
25 receive the LCD gray scale values for each pix- 

el of the matrix of pixels, wherein gray scale val- 
ues of adjacent pixels are compared and if a 
difference in magnitudes between the gray 
scale values of adjacent pixels is greater than 
30 a desired value, then at least one of the gray 

scale values is modified so that the difference 
in magnitudes therebetween is no greater than 
the desired value; 

said video data comparator/modifier logic is 
35 adapted for sending all unmodified gray scale 

values and any modified gray scale values to 
said at least one DAC; 

said video frame to gray scale conversion and 
pixel address logic adapted for sending said 
40 pixel address locations to said column control 

logic and said row control logic. 

2. The system of claim 1 , further comprising a video 
memory for storing said LCD gray scale values. 

45 

3. The system of claim 1 , further comprising a video 
memory for storing said unmodified and said mod- 
ified LCD gray scale values. 

50 4. The system of claim 1 , further comprising a video 
memory coupled to said video data comparator/ 
modifier logic. 

5. The system of claim 1 , wherein said video data 
55 comparator/modifier logic comprises at least one 
comparator and at least one shift register, said at 
least one shift register adapted for storing gray 
scale values for at least one pixel and at least one 
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adjacent pixel. 

6. The system of claim 5, wherein said video data 
comparator/modifier logic comprises a level writing 
decision logic for determining magnitude differenc- 
es between adjacent pixel LCD gray scale values. 

7. The system of claim 6, wherein said level writing 
decision logic determines which of said LCD gray 
scale values are modified. 

8. The system of claim 1 , further comprising a gray 
scale look-up table coupled between said video da- 
ta comparator/modifier logic and said at least one 
DAC. 

9. The system of claim 1 , wherein said LCD, said plu- 
rality of column switches and said plurality of row 
switches are fabricated on a semiconductor inte- 
grated circuit. 

10. The system of claim 1 , wherein said LCD, said plu- 
rality of column switches, said plurality of row 
switches, said column control logic, and said row 
control logic are fabricated on a semiconductor in- 
tegrated circuit. 

11. The system of claim 1 , wherein said video frame to 
gray scale conversion and pixel address logic, said 
video data comparator/modifier logic and said at 
least one DAC are fabricated on at least one sem- 
iconductor integrated circuit. 

12. A method for improving image quality of a liquid 
crystal display (LCD) comprising a matrix of pixels 
arranged in a plurality of rows and columns, wherein 
an intersection of a row and a column defines a po- 
sition of a pixel in the matrix, said method compris- 
ing the steps of: 

determining if a gray scale value of a pixel is 
greater than a first reference value and writing 
the gray scale value to the pixel location, 
wherein; 

if the gray scale value of the pixel is less than 
or equal to the first reference value, then writing 
a gray scale value of an adjacent pixel to the 
adjacent pixel, and 

if the gray scale value of the pixel is greater than 

the first reference value, then determining if the 

gray scale value of the adjacent pixel is less 

than a second reference value, 

if so, then writing the second reference value 

to the adjacent pixel, and 

if not, then writing the gray scale value of the 

adjacent pixel to the adjacent pixel. 

13. The method of claim 12, further comprising the 



steps of: 

receiving video information; and 
converting the video information into the LCD 
5 gray scale values and the corresponding pixel 

address locations thereof. 

1 4. The method of claim 1 2, further comprising the step 
of storing the LCD gray scale values in a memory. 

10 

15. A method for improving image quality of a liquid 
crystal display (LCD) comprising a matrix of pixels 
arranged in a plurality of rows and columns, wherein 
an intersection of a row and a column defines a po- 

15 sition of a pixel in the matrix, said method compris- 
ing the steps of: 

determining if a gray scale value of a pixel is 
greater than a first reference value and writing 
20 the gray scale value to the pixel location, 

wherein; 

if the gray scale value of the pixel is less than 
or equal to the first reference value, then writing 
a gray scale value of an adjacent pixel to the 
25 adjacent pixel, and 

if the gray scale value of the pixel is greater than 
the first reference value, then determining if the 
gray scale value of the adjacent pixel is less 
than a second reference value, 
30 if so, then multiplying the gray scale value of 

the adjacent pixel by k and writing the product 
thereof to the adjacent pixel, and 
if not, then writing the gray scale value of the 
adjacent pixel to the adjacent pixel. 

35 

16. A method for improving image quality of a liquid 
crystal display (LCD) comprising a matrix of pixels 
arranged in a plurality of rows and columns, wherein 
an intersection of a row and a column defines a po- 

40 sition of a pixel in the matrix, said method compris- 
ing the steps of: 

determining if a gray scale value of a pixel is 
greater than a first reference value and writing 
45 the gray scale value to the pixel location, 

wherein; 

if the gray scale value of the pixel is less than 
or equal to the first reference value, then writing 
a gray scale value of an adjacent pixel to the 
50 adjacent pixel, and 

if the gray scale value of the pixel is greater than 
the first reference value, then determining if the 
gray scale value of the adjacent pixel is less 
than a second reference value, 
55 jf so, then dividing the difference between the 

gray scale values of the pixel and the adjacent 
pixel by I and storing the result as N and chang- 
ing the next N adjacent pixel gray scale values 
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by no more than I, and writing the changed next 
N gray scale values to the next N adjacent pix- 
els, and 

if not, then writing the gray scale value of the 
adjacent pixel to the adjacent pixel. 5 

17. The method of claim 12, wherein the pixel and the 
adjacent pixel are on the same row. 

18. The method of claim 12, wherein the pixel and the 10 
adjacent pixel are on different rows. 

19. The method of claim 15, wherein the pixel and the 
adjacent pixel are on the same row. 

15 

20. The method of claim 15, wherein the pixel and the 
adjacent pixel are on different rows. 

20 
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